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1. Major results

The details on each of these topics were given in the regular progress reports and are available in
the papers. Here we list the major results achieved and the significance.

i. We have shown that atomization in liquid/liquid shear flow is driven by a viscous shear
instability that triggers the formation of a long thin sheet (Roberts et al., 1998). Experiments
show that breakup of the sheets occurs by kinematic stretching and is not consistent with a
second, (e.g., capillary) instability. These new results provide insight into both the expected rate
of atomization and the size of the drops that would be formed. Further we found that
atomization will effectively not occur in oscillatory shear situations (King et. al., 1999).

ii. We discovered a new mode of interfacial instability for oscillatory two-layer systems (King et
al., 1999) whereby a mode that originates within the less viscous liquid phase causes interfacial
deformation as the oscillation proceeds. This is significant because most multiphase flows are
not really steady. Various flow transients can be often be successfully modeled with oscillatory
theories. Recognition of a different instability mechanism for transients could change how flow
regime transitions are viewed.

iii. We have shown that rivulet formation from a gravity front occurs because the local front
shape specified by gravity and surface tension changes from a nose to a wedge geometry, thus
triggering a large increase in viscous resistance (Veretennikov et al., 1998),

iv. We extended our studies on nonlinear wave evolution on falling films and in stratified flow,
particularly the evolution towards large-amplitude solitary waves that tend to generate drops. A
book on falling film dynamics was written during this time. We showed that the monochromatic
waves at inception suffer a unique modulation instability that produces jumps in the average
wave-induced flow rate and thickness. Such jumps cause liquid drainage towards them to
produce solitary waves rapidly. We determine how these solitary waves grow and interact with
the monochromatic wave field. We also studied how these solitary waves significantly enhance
interfacial mass transfer because of the presence of large vortices beneath their crests. (Chang et
al., 1998; , Chang et al, 1997; Chang et al, 1999; Roberts et al, 2000a; Roberts and Chang, 2000;

Chang et al, 2000).
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